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Two forms of ,8-galactosidase from newborn rat epi-
dermis could be separated by DEAE-cellulose chroma-
tography. Both enzymes showed similar enzymic prop-
erties. They had a pH optimum around 3.5-4.5 and the 
optimal temperature of these enzymes was approxi-
mately 60°C. They were not affected by divalent cations, 
ethylenediaminetetraacetic acid(EDTA) and 2-mercap-
toethanol(2-ME), while p-chloromercuribenzoic acid 
(PCMB) was a strong inhibitor for each enzyme. These 
enzymes showed the same Km value (1.25 x 10-4 M) 
towards 4-methylumbelliferyl-,8-D-galactoside. How-
ever they had different isoelectric points at pH 6.3 and 
9.0, respectively. 
Six different forms of ,8-galactosidase activity were 
found by using isoelectric focusing. When the crude ex-
tract was incubated with neuraminidase before electro-
focusing, the acidic forms of the enzyme were largely 
lost and converted to more basic forms without loss of 
the total activity. This finding suggests the glycoprotein 
nature of newborn rat epidermal ,8-galactosidase. 
Microsomal, Golgi and lysosomal fractions contain a number 
of acid hydrolases which occur in 2 or more molecular forms 
[1]. Lysosomal acid hydrolases are generally thought to be 
synthesi2ed on the ribosome of the rough endoplasmic reticu-
lum and transported to the Golgi apparatus for packing into 
primary lysosome [2]. During this process there is a concomi-
tant attachment of carbohydrate residues to enzyme protein 
[3]. Many hydrolases in purified lysosomes are glycoproteins 
[4]. Although epidermal hydrolases have been demonstrated it 
has not been established that they are glycoproteins. 
In the present paper the existence of multiple forms of ,8-
galactosidase from · newborn rat epidermis, which can be sepa-
rated by chromatography on DEAE-ceUulose and isoelectric 
focusing was confirmed, and some properties of these enzymes 
were also described. 
MATERIALS AND METHODS 
4-Methylumbeiliferyl-,B-D-galactoside was obtained from P.L. Bio-
chemicals Inc. DEAE-cellulose(DE 52) was the product of Whatman 
Chemical Co. Neuraminidase(Clostridium perfringens) was purchased 
from Sigma Chemical Co. All other chemicals were of the best available 
analytical grade. 
Preparation of the Epidermal Crude Extract 
Newborn rats(Wister strain) at 2 or 3 days of age were killed by 
decapitation. The skin was immersed in 2 M CaCh-0.25 M sucrose [5) 
for 60 min at 4 oc and epidermis removed. The isolated epidermis was 
homogenized(Potter-Elvehjer all glass homogenizer) in distilled water. 
The homogenates were centrifuged for 20 min at 5,000 xg, and the 
peUet was resuspended with distilled water and recentrifuged. The 
pooled supernatants were passed through a millipore fllter(0.30 p.) and 
the f'lltrate was used as the epidermal crude extract. 
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DEAE-cellulose Chromatography 
Epidermal crude extract (20 mg protein) was dialyzed against 0.02 
M potassium phosphate buffer, pH 6.0 and applied to DEAE-cellulose 
column (1.5 X 10 em) equilibrated with the same buffer. The column 
was washed with the same buffer and then eluted by increasing the 
buffer concentration to 0.2 M. The flow rate was 20 m1 per hour and 5 
ml fractions were collected. 
Tsoelectric Focusing 
Sucrose gradient isoelectric focusing was carried out in a LKB 8100 
column (110 ml capacity) according to the manufacturer's instruction 
(Preparative Electrofocusing in Density Gradients. Application Note 
219) . The carrier ampholite concentration was 1% with a pH range of 
10 to 3.5 (cathode at bottom and anode at top) . The epidermal ex-
tract(20 mg protein) was incorporated into the middle range of the 
sucrose gradient and electrofocusing was performed at 500 v for 48 hr 
at 4°C. After electrofocusing 1-2 ml fractions were drained from the 
column, pH of each fraction and the enzyme activity was measured. 
Neuraminidase Treatment 
The epidermal crude extract(20 mg protein) was incubated with one 
unit of Clostridium perfringens neuraminidase in 0.1 M sodium acetate 
Effect of various compounds on 4-methylumbelliferyl-,B-D-
galactoside hydrolysis by {3-galactosidase Peak I and Peak II shown 
in Fig. 2 
Reagent.• Cone. (I mM) Peak I Peak ll 
100 100 
MgCh I 102 104 
10 102 100 
MnCiz I 100 100 
10 96 102 
2-ME 2 100 96 
5 98 98 
PCMB 0.01 2 2 
0.1 0 0 
EDTA I 102 100 
5 100 96 
" The specific activity (unit/ mg protein) in the reaction mixture was 
200 (Peak I) and 100 (Peak II), respectively. 
buffer, pH 5.2 at 37°C for 3 hr, and then isoelectrofocusing was 
performed as described above. Under these conditions no loss of ,8-
galacto idase activity occured. 
Assay of ,8-Galactosidase 
{3-Galactosidase activity was measured using 4-methylumbelliferyl-
/3-D-galactoside as substrate. Total volume of the reaction mixture was 
0.5 ml, consisting ofO.l mM substrate, 0.1 M sodium acetate buffer, pH 
4.0 and enzyme. After incubation at 37°C for various times up to 30 
min, the enzyme activity was terminated by the addition of 2.5 m1 of 
0.2 M sodium carbonate buffer, pH 10.4. The fluorescence was read in 
Hitachi Fluorescence Spectrophotometer 203 with exciting wavelength 
at 355 nm and emitting wavelength at 440 nm. One unit of the enzyme 
activity was defined as the amount of enzyme that catalyzes the 
hydrolysis of 1 nmol of /3-galactoside per minute under the conditions 
described. 
RESULTS 
Epidermal crude extract was chromatographed on a DEAE-
cellulose column. One fraction of p-galactosidase activity was 
not retained on the column(Peak I) and another fraction(Peak 
II) was found as the buffer concentration was increased as 
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shown in Fig 1. He-chromatography of each Peak I and II under 
the same condition was carried out to check that these peaks 
are not artifacts. Peak !(fraction 2-11) was reapplied to a new 
column under the same condition as described under "Meth-
ods" and was again eluted in the void volume. Peak Il(fraction 
29-43) was also reapplied to a new DEAE-cellulose column 
under the same condition and the elution of the enzyme activity 
reached a maximum when the buffer concentration had in-
creased to approximately 70 mM. Isoelectric focusing of Peak I 
without any treatment before the application to the column 
gave a single peak of activity with isoelectric point at pH 9.0(Fig 
2). lsoelectric focusing of Peak II gave a broad peak activity 
with isoelectric point at pH 6.3(Fig 2). In the following experi-
ments Peak I and II in Fig 2 were used to study the partial 
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FIG l. DEAE-cellu1ose chromatography of P-galactosidase activity 
in epidermal crude extract. 
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F1c 2. Isoelectric focusing of Peak I and Peak II shown in Fig. 1. 
After electrofocusing the column was slowly drained and collected in 2 
mJ aliquots. 
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characterization of these enzymes. Divalent cations(Mg++ and 
Mn++) were not required for the reaction of both enzymes. 
EDTA and 2-ME did not show any effect on both enzyme 
activity, whereas PCMB at a concentration of 1 X 10- 4 and 1 
x 10- 5 M resulted in 100% and 99% inhibition, respectively. The 
results are summarized in the Table. Both enzymes had iden-
tical pH curves with optimal pH 3.5-4.5(Fig 3). The optimal 
temperature for the 2 enzyme reactions were around 60°C. Fifty 
percent of the maximum activity of these enzymes was obtained 
at 47 and 72°C, respectively. Both enzymes had also the same 
Km value(l.25 X 10-4 M) when assayed with 4-methylumbelli-
feryl-/3-D-galactoside. 
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FIG 3. pH-dependence of P-galactosidase activity in material from 
Peak 1 and Peak II on isoelectric focusing shown in Fig. 2. Buffers: pH 
2.0-2.5; 0.2 M glycine-HCI buffer, pH 3.0-6.0; 0.2 M sodium acetate 
buffer, pH 6.5-7.0; 0.2 M potassium phosphate buffer. Solid circles Peak 
I, open circles Peak 11. 
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FIG 4. The isoelectric focusing pattern of P-ga1actosidase in epider-
mal crude extract (e---e). The epidermal crude extract was incubated 
with bacterial neuraminidase at pH 5.2 for 3 hr at 37•c (0---0). 
Electrophoresis was conducted for 48 hr, after which approximately 1 
m1 fractions were collected. Additional experimental details are given 
in the text. 
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The epidermal crude extract of newborn rat revealed a 
polydisperse profile of ,8-galactosidase activity after isoelectric 
focusing. The bulk of enzyme activity occured in the basic 
portion of the gradient with i oelectric points of 9.0 and 8. 7, the 
remainder appeared in lesser forms with isoelectric points of 
8.3, 8.1, 7.3 and 6.3(Fig 4) . Autoincubation of the epidermal 
crude extract at pH 5.2 for 3 hr without neuraminidase produced 
a similar isoelectric focusing behavior of control. The incubation 
of the epidermal crude extract with neuraminidase for 3 hr 
modified the isoelectric focusing profile of ,8-galactosidase. The 
acidic portions of the enzyme activity shifted to the more basic 
forms(Fig 4) . Total activity was not altered by both autoincu-
bation and neuraminidase treatment. 
DISCUSSION 
In epidermis Ohkawara et al (6) and Mier and Van Den Hurk 
[7] studied several glycosidases including ,8-galactosidase in a 
crude extract level. No work has been published showing mul-
tiple forms of epidermal glycosidase. Three or more peaks of 
,8-galactosidase activity from rat Liver, spleen, intestine and 
kidney were separated by chromatography on DEAE-cellulose 
[8]. ,8-Galactosidase activity of rat liver homogenates has a pH 
optimum at 3.6-4.5 against several substrates. ,8-Galactosidase 
of small intestine has been resolved by gel filtration or DEAE-
cellulose chromatography into 2 main peaks, one showing great-
est activity at pH 3.4, the other at pH 5.0-5.5 [9]. These 
enzymes were further separated by isoelectric focusing into 5 
peaks. Chytil [10] reported the presence of 2 distinct enzymes 
from bovine liver, one enzyme had a molecular weight of 85,000 
and a pH optimum of 4.5, while the second was most active at 
pH 6.0 and had a molecular weight of 43,000. 
Goldstone, Konency, and Koenig [11] reported that acidic 
forms of ,8-galactosidase in rat kidney lysosome were converted 
in part at least to more basic forms under attack by bacterial 
neuraminidase. Needleman, Koenig, and Goldstone [1] ob-
served striking differences in the isoelectric points of several 
hydrolases including ,8-galactosidase in rat kidney subcellular 
fractions. Namely, the isoelectric points of ,8-galactosidase in-
crea ed progressively in subcellular fractions in the order:rough 
microsomal > smooth microsomal > Golgi > lyso omal frac-
tions. Although the present paper could not demon trate the 
intracellular transport mechanism, the data of isoelectric focus-
ing before and after neuraminidase treatment trongly sugge t 
that N-acetylneuraminic acid residues are located in some of 
,8-galactosidase of newborn rat epidermis. 
The author thanks Drs. T . Kuwazuka and H. Urabe for their en-
couragement. 
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